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(54) MICROORGANISM SENSOR 




(57) Abstract: 

PURPOSE: To obtain a microorganism 
sensor capable of measuring 
sulfate ion till a low 
concentration by a simple 
operation. 

CONSTITUTION: First, Thiobacillus 
ferrooxidans E-15 strain as an 
immobilized bacterium is 
inoculated to 9K liquid medium 
such as Silverman's liquid medium, 
subjected to shaking culture at 
SCc for three days, the medium is 
centrifuged at low speed and 
^1^^ centrifuged at 8,000rpm for 10 

minutes to collect cells. Then the 
collected cells are once washed 
with diluted sulfuric acid 
adjusted to pH 2, then twice with 
5mM glycine-hydrochloric acid 
buffer solution (pH 2.7) at 4*^0 and the prepared suspension of 
the cells is filtered with a nitrocellulose filter by suction 
and the filter to which the cells are stuck is used as an 
immobilized bacterium film 8. Then, the immobilized bacterium 
film 8 is enclosed with a nylon net 9 having 200 meshes and fixed 
to the top of an oxygen electrode 1 equipped with a gas passable 
Teflon membrane 6 with an O ring 7 to prepare a bacterial 
electrode. A resistance (3) of 5KQ is connected to the bacterial 
electrode in parallel and the resistance is connected to a 
recorder 2. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The microbial sensor characterized by measuring the 
concentration of the sulfate ion in this buffer solution by 
consisting of the film and oxygen electrodes which fixed 
Thiobacillus ferro oxydans, advancing oxidation reaction of 
the first iron ion by the Thiobacillus ferro oxydans which was 
dependent on sulfate ion into the buffer solution containing 
ferrous chloride, and detecting the amount of oxygen which 
changes with this reaction. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the 
microbial sensor which measures sulfate ion concentration by 
detecting change of the oxygen density in the solution which 
contains the first iron ion in more detail about the sensor 
which measures the concentration of sulfate ion using the 
oxidation capacity of an iron bacterium by the microorganism. 
[0002] 

[Description of the Prior Art] The sulfuric acid which the 



sulfur dioxide which produces the acid rain regarded as 
questionable in recent years by combustion of a fossil fuel etc. 
oxidizes in atmospheric air, and generates as a result is the 
cause of main. Conventionally, generally as a means to measure 
the sulfate ion concentration contained in liquids, such as 
acid rain, nephelometry, the colorimetric method, or the ion 
chromatography method was used. 

[0003] among these, the barium chloride method ( JIS K0103) for 
asking for sulfate ion concentration from the turbidity 
resulting from precipitate of a bariiam sulfate as nephelometry 
etc. gets to know — having — **** — as a colorimetric method 
— arsenazo III — law (JIS K0103), the thorin method, etc. are 
learned. Moreover, the ion chromatography method is a kind of 
high performance chromatography which made ion exchange resin 
the stationary phase, and is an analysis method which can 
perform comparatively quick measurement by high sensitivity (> 
0.05 ppm) . 

[0004] However, in the case of nephelometry or a colorimetric 
method, in the analysis method of these former, there was a 
trouble that automatic and continuous measurement were 
difficult the top where actuation is complicated, and the high 
reagent of danger was used for coloring etc. Moreover, in the 
case of the ion chromatography method, since the measuring 
device was expensive and large-sized, there was a fault of not 
being suitable for the simple measurement in the outdoors etc. 
[0005] On the other hand, by recent years, it is simple, many 
biosensors with high singularity are developed, and the 
microbial sensor for which the microorganism and the enzyme 
were used using the sulfate-reducing bacterixim as an object for 
sulfate ion density measurement is reported (R.K.Kobos (1986) 
Anal. Lett. 19 and 353-362). However, according to the 
above-mentioned microbial sensor, since a sulfate-reducing 
bacterium was a strictly anaerobic bacterium, the oxygen of 
system of measurement had to be completely removed at the time 
of use, and it was not practical. 

[0006] 



[Problem (s) to be Solved by the Invention] This invention 
solves the trouble of the above-mentioned Prior art, and aims 
at offering the microbial sensor which can measure sulfate ion 
to low concentration by simple actuation. 

[0007] 

[Means for Solving the Problem] In order to attain the 
above-mentioned purpose, as a result of inquiring 
wholeheartedly, this invention person etc. found out that 
oxidation reaction of the first iron ion by Thiobacillus ferro 
oxydans could measure sulfate ion concentration using the 
oxidation capacity of this Thiobacillus ferro oxydans paying 
attention to what it depends for on sulfate ion (N.Lazanoff 
(1963), J. Bacterid . 85, 78-83), and reached this invention. 
[0008] That is, this invention offer the microbial sensor 
characterize by measuring the concentration of the sulfate ion 
in this buffer solution by consisting of the film and oxygen 
electrodes which fixed Thiobacillus ferro oxydans, advancing 
oxidation reaction of the first iron ion by the Thiobacillus 
ferro oxydans which be dependent on sulfate ion into the buffer 
solution containing ferrous chloride, and detecting the amount 
of oxygen which change with this reaction. 
[0009] Moreover, on the occasion of measurement of the sulfate 
ion concentration by the microbial sensor of this invention, 
a glycine-hydrochloric acid or the beta 

alanine-hydrochloric-acid buffer solution can be used as the 
buffer solution containing the above-mentioned ferrous 
chloride. 
[0010] 

[Function] The microbial sensor of this invention is 
constituted by the microbial electrode which consists of 
immobilized microorganism film which fixed the Thiobacillus 
ferro oxydans (what washed and removed adhering iron ion and 
sulfate ion) which is a kind of an iron bacterium on the porous 
film, and an oxygen electrode. 

[0011] The Thiobacillus ferro oxydans used for the microbial 
sensor of this invention shows the operation which oxidizes the 



first iron ion to a ferric ion specifically, when sulfate ion 
exists in the buffer solutions (for example, a 
glycine-hydrochloric acid or the beta 

alanine-hydrochloric-acid buffer solution etc.) containing 
ferrous chloride (** 1) . 

[0012] 

[Formula 1] 
4Fe^'^+02 +4H^ >4Fe^*+2H2 O 



That is, if the microbial sensor of this invention is contacted 
to the above-mentioned buffer solution with which sulfate ion 
is contained, the reaction which oxidizes the first iron ion 
by the Thiobacillus ferro oxydans depending on sulfate ion to 
a ferric ion will advance. In order that the amount of oxygen 
which reaches an oxygen electrode may decrease accurately 
according to sulfate ion concentration by this oxidation 
reaction, by measuring this amount of oxygen (it considering 
as a current value and measuring) shows the concentration of 
sulfate ion. Moreover, according to the microbial sensor of 
this invention, sulfate ion can be measured to the 
concentration of lOmicroM (1 ppm) . 

[0013] In addition, although the reason for being required is 
not clear in sulfate ion in the oxidation reaction shown in ** 
2, it is surmised that it is for the first iron ion to oxidize 
in a Thiobacillus ferro oxydans cell cortex in the form of a 
sulf uric-acid complex. Moreover, although this oxidation 
reaction advances also with the other selenic-acids ion (Se04 
2-) of sulfate ion, not going on depending on almost all anions 
other than selenic-acid ion is checked. 

[0014] 

[Formula 2] 
4F e^^+O^ -I-4H'^ >4Fe^^H-2H2 O 

Hereafter, an example explains this invention to a detail 
further. However, the range of this invention is not restricted 



by the following examples. 

[0015] 

[Example] The microbial sensor of this invention is explained 
below. 

[0016] First, as an immobilized microorganism, E-15 shares 
(Fermentation Research Institute **** No. 10217) of 
Thiobacillus ferro oxydans was inoculated into 9K liquid media 
(M.P.Silverman and D.G.Lundgren (1959) J. Bacterid .77, 
642-647), such as Silverman, and carried out shaking culture 
for three days in 30 degrees C. Subsequently, at-long-intervals 
alignment separation was performed for 10 minutes by 8000rpm 
after removing precipitate of the mineral salt which carries 
out centrifugal separation of this culture medium at a low speed 
(lOOOrpm, 5 minutes) , and makes a jarosite a subject, and fungus 
bodies were collected . 

[0017] Next, after the dilute sulfuric acid which prepared the 
collected fungus bodies to pH 2 washed once, in 4 degrees C, 
the 5mM glycine-hydrochloric-acid buffer solution (pH 2.7) 
performed washing (suspension and centrifugal) twice. 
Subsequently, suction filtration of the fungus body suspension 
obtained after washing was carried out by the nitrocellulose 
filter (ADVANTEC TOYO shrine Membrane Filter, pole diameter of 
0.4 5 micrometers) , and the filter to which the bacillus adhered 
was used as the immobilized microorganism film, in addition, 
the consistency of the bacillus in this immobilized 
microorganism film — about 2x107 / mm2 it is 
[0018] 9K culture media, such as above-mentioned Silverman, 
moreover, 2 (NH4) S04 3g, K2 HP04 0.5g, MgS04 and 7H2 O 0.5g, 
KCl O.lg and calcium (N03) 2 O.Olg are melted to distilled water, 
and it is the total amount. It is referred to as 700ml. The 
mineral salt solution which prepared pH for this to 5.5 with 
the sulfuric acid, and FeS04 and 7H2 O 44.22g are melted to 
distilled water, and it is the total amount. The first iron 
solution set to 300ml Both solutions were mixed and prepared, 
after sterilizing separately (for 120 degree C and 10 minutes) 
and cooling with an autoclave. 



[0019] It surrounded with the immobilized microorganism film 
8 obtained as mentioned above and the nylon network 9 of 200 
meshes, and fixed to the point of an oxygen electrode 1 with 
0 ring 7, and the microbial electrode was produced. In addition, 
the oxygen electrode 1 used the thing of the GARUBANI type (DG-5 
mold, Able, Inc. make) which comes to have the lead cathode 4 
and the platinum anode plate 5. Moreover, gas transparency 
Teflon membrane 6 was beforehand fixed to the point equipped 
with the immobilized microorganism film 8 in an oxygen 
electrode 1 with O ring 7. 

[0020] Next, the resistance 3 of 5Kohm was connected to the 
produced microbial electrode at juxtaposition, this was 
connected with the recorder 2, and the microbial sensor was 
produced ( drawing 1 ) • By considering as such a configuration, 
the current generated in proportion to the oxygen density in 
the front face of the platinum anode plate 5 serves as potential 
change by resistance 3, and this potential change is recorded 
by the recorder 2. 

[0021] Sulfate ion was measured using the microbial sensor of 
the above configurations- Into the 5mM 

glycine-hydrochloric-acid buf f er solution (pH2.7) containing 
5mM ferrous chloride, measurement was immersed and performed 
the point of a microbial electrode. In addition, as the 
above-mentioned buffer solution, the 5mM beta 
alanine-hydrochloric-acid buf f er solution (pH3.5) etc. can be 
used. 

[0022] First, the above-mentioned buffer solution was fully 
stirred in 30 degrees C, and measurement (5-10 minutes) was 
ended in the place where the sodium sulfate was added at when 
the oxygen in air and a dissolution balance were reached, and 
the current value which decreases became fixed. Consequently, 
measurement of the sulfate ion concentration of 10 - ISOmicroM 
was possible ( drawing 2 ) . In addition, if the above-mentioned 
buffer solution is exchanged for that in which sulfate ion is 
not contained, a current value will return to the value of a 
basis mostly in 5 - 15 minutes. 



[0023] According to the microbial sensor of this invention, 
although chloride ion and about 1-5-time nitrate ion existed 
to mol concentration, for example in acid rain, even if each 
ion existed up to 50 times (chloride ion) and 10 times (nitrate 
ion) with mol concentration to sulfate ion in measurement 
liquid, there was no problem in measurement. Moreover, even if 
the counter ions of sulfate ion were cases, such as not sodium 
ion but a hydrogen ion, potassium ion, magnesium ion, aluminum 
ion, zinc ion, iron ion, or a copper ion, the almost same result 
as the above was obtained. 

[0024] 

[Effect of the Invention] Development of the microbial sensor 
of this invention enabled it to measure the sulfate ion of the 
concentration more than lOmicroM (1 ppm) very simple with a 
cheap electrode as mentioned above. Moreover, it also has the 
advantage that the reagent to be used is only the buffer 
solution and iron salt which do not have a problem in safety. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram of the microbial sensor 
of this invention, and is the sectional side elevation to which 
(a) expanded general drawing and (b) expanded the oxygen 
electrode point of (a) . 

[Drawing 2] It is the graph which shows the relation between 
the current deduction at the time of measuring sulfate ion 
concentration using the microbial sensor of this Invention, and 
sodium-sulf ate concentration . 

[Description of Notations] 

1 Oxygen electrode 

2 Recorder 

3 Resistance 

4 Lead cathode 

5 Platinum anode plate 
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7 
8 
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Gas transparency Teflon membrane 

0 ring 

Immobilized microorganism film 

Nylon network 
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